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This study examines the substantive impact of educational reforms on school and classroom organization worldwide, noting that many reforms have been more rhetorical than practical in enhancing educational quality. It highlights the crucial role of school principals in driving changes to improve student learning, despite the challenges of implementing reforms that have historically not led to significant increases in student achievement. Focusing on the General Education Quality Improvement Programme (GEQIP) in Ethiopia as a case study, this research aims to assess the extent of reform implementation across schools by identifying variations in the level of implementation. Through a quantitative approach using school principal surveys, the study employs a range of methodological strategies—including principal component analysis (PCA), confirmatory factor analysis (CFA), hierarchical cluster analysis, and K-means cluster analysis—to develop scales and indicators that classify schools into high or low categories of policy implementation. The findings reveal a partial and uneven implementation of GEQIP across Ethiopian schools, with notable disparities in reform adoption levels. This paper concludes by discussing the effectiveness of the methodologies used to categorize schools based on reform implementation and the implications of these findings for the successful execution of educational reforms in Ethiopia and similarly situated contexts. The study underscores the necessity of devising targeted strategies to assist principals and schools in fully achieving the goals of educational reforms.
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1 Introduction

The Programme for International Student Assessment (PISA) is one of the most well-known educational assessments, which is designed to measure the performance of school systems worldwide. As a result of the release of the PISA results in 2001, many countries were prompted to advocate school reforms in order to address the failures in the delivery of education. It is important to note, however, that there are many variations in the manner in which governments control education in nations throughout the world, so the capacity of national and subnational politicians to implement educational reforms may vary depending on existing institutional arrangements (Davies et al., 2021). Having seen many countries achieve high enrolment rates, the focus shifted to the quality of education when developing countries failed to provide students with basic cognitive and behavioural skills that are crucial to employment (World Bank, 2010, 2017a,b). However, over the last 20 years, there has been a substantial improvement in access to education in many low- and middle-income countries thanks to educational reforms across countries, yet millions of children continue to attend school without gaining a fundamental understanding of literacy and numeracy (Education for All, 2014; UNESCO, 2022; World Bank, 2022). Globally, numerous policies and programmes have been implemented to address these issues, with particular emphasis on improving education quality. In other words, many reforms, policies and programmes have been put into place all over the world to enhance the quality of provision educational related resources with an emphasis on raising the standard of education offered, with no exception in Ethiopia (Hoddinott et al., 2023).

There is no doubt that an educational reform process is a complex process that requires a diverse group of partners and a governance structure that is based on trust. It requires a thorough and careful approach that considers a variety of elements, including cultural, social, economic, and political aspects (Niemi, 2021). In order for the reform process to be effective, it must consider the interests and needs of a wide array of stakeholders, including educators, students, parents, family members, members of the community, policymakers, and other decisionmakers. Furthermore, the process requires a comprehensive understanding of the current educational landscape, including its strengths and weaknesses, as well as an awareness of emerging trends and challenges (Sardoč et al., 2021). As a result, educational reform is a complex and challenging process that must be carefully planned, implemented, and evaluated to ensure its success.

In the case of educational reform, implementing its various components can be challenging, particularly when there is a structural challenge involved. The implementation of some aspects of the reform may be easy in some schools, but others may encounter significant challenges due to factors such as lack of resources, staff shortages, and outdated facilities. It is therefore possible that the components of the reform may end up being implemented differently across schools due to their unique circumstances and constraints. For instance, schools in rural areas may face challenges due to inadequate access to technology, while schools in urban areas may face challenges due to overcrowding or high teacher turnover. In order to address these structural challenges, individualized solutions must be developed that address the specific needs of each school while remaining true to the reform’s overarching goals. It may be necessary to provide additional support, resources, or training to schools that are having difficulty, and to leverage existing strengths and resources to promote success in schools with a better capacity for implementing the reforms.

The challenge is therefore that we are unable to capture such complex set of strategies in a single indicator. Here is where we need to rely on quantitative methods that enable us to reduce dimensionality and obtain an indicator for an effective reform implementation. This paper explores methodological issues relating to research on the level of GEQIP implementation by testing different methods to create and develop indicators at the school level. It focuses on the main issues and difficulties that researchers can encounter and offers helpful insights for generating indicators based on information about Ethiopian school quality after implementing GEQIP reform.

The purpose of this paper is to examine Ethiopia’s GEQIP education reform and practice in light of the quality and distribution of educational opportunities. Because according to Andrews et al. (2017) often, the fidelity of implementation is more important than policy or program design in explaining learning outcomes; for this reason, key aspects of the implementation must be explicitly captured to explain how much such reforms have performed in the schools. More specifically, this study aims to investigate different approaches for developing indicators and scales related to the Ethiopian GEQIP reform. The research employs three methods for constructing these indicators/scales, namely principal component analysis (PCA), confirmatory factor analysis (CFA), and hierarchical and K-means clustering analysis. Through these techniques, the study seeks to offer researchers empirical insights into the strengths and weaknesses of each method. Ultimately, this study aims to contribute to the development of reliable and valid measurement tools for assessing the effective GEQIP reform in Ethiopia.



2 Context of Ethiopia and GEQIP reform

Ethiopia has seen a tremendous rise in funding for the education sector despite being a developing nation (UNICEF, 2017; World Bank, 2018; Tiruneh et al., 2022). A thorough set of adjustments coordinated by the government and funded by donors, known as the General Education Quality Improvement Program, have been made in addition to this (GEQIP, 2008–2020) [GEQIP-I (2008–2012); GEQIP-II (2012–2018); and GEQIP-for Equity (GEQIP: 2018–2022)] (World Bank, 2008, 2013, 2017a,b).

In contrast to prior GEQIP phases, which placed more of an emphasis on curriculum reform, textbook supplies, teacher development, and effective school awards, the most recent phase of the reforms focused attention on equity issues. This places a focus on the underdeveloped areas as well as the challenges that girls, children with disabilities, and children from pastoralist communities. The education sector’s expansion has coincided with these increases in financing and changes (see Table 1 for more information). Table 1 above outlines the key components of the GEQIP-E reform.



TABLE 1 Examples of assumptions of GEQIP-E.
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Ethiopia’s primary education system now serves more than 20 million pupils, up from three million in the early 1990s Ministry of Education, 2019. However, despite strong levels of governmental support and donor funding, many children leave primary school lacking even the most fundamental literacy and numeracy skills, and it is uncertain if the GEQIP changes have yet had the desired impact on system efficiency and educational quality.


2.1 Improving internal efficiency

In order to increase the internal efficiency of the educational system, this results area will concentrate on tackling the persistent problem of over-enrolment in grade 1 and encouraging children’s advancement through the early grades. A determined effort will be made (i) to make grade I students more prepared for school so they can advance to the next grades, and (ii) ensure regular attendance for all students once they are enrolled to improve student development in the early grades (World Bank, 2017a,b).



2.2 Improving equitable access

This results area focuses on promoting equitable access to general education in Ethiopia with the objectives of: (i) increasing gender parity at the grade 8 level emerging regions of Ethiopia: Afar, Ethiopia Somali, and Benishangul-Gumuz (KPI 3); (ii) increasing the gross enrollment ratio of grades 1–8 in those regions (KPI 4) to support pastoral students and students in emerging regions; and (iii) increasing the participation of children with special need (IRI 4.3). The Program will assist government activities that are directed at these three underprivileged groups and that are supported by solid efficacy data. It is also intended to help ongoing initiatives supported by the World Bank and other development partners (DPs) to reduce educational inequalities (World Bank, 2017a,b).



2.3 Improving quality

The goal of this results area, which focuses on general education quality, is to raise student learning outcomes in early grade reading (KPI 5), English, and mathematics (KPI 6). Because reading competency in the early grades and proficiency in English and mathematics at the conclusion of the primary cycle serve as important building blocks for subsequent learning across all subject areas, these indicators have been chosen. The proposed program will support efforts to enhance O-class (pre-primary) education quality (supported under RA1), enhance the capacity of primary school teachers to facilitate learning (effective teaching practises and increased instructional time in the classroom), and enhance the learning environment in schools (World Bank, 2017a,b).



2.4 System strengthening for planning, policy formulation and reform

A competent education system that provides high-quality inputs to its schools makes decisions based on evidence and innovates regularly to improve its performance would be necessary for sustained increases in the learning outcomes of Ethiopian children. To help students reach greater levels of learning, the program concentrates on enhancing the fundamental components of the overall educational system, including enhanced data gathering and analysis and teacher preparation. In order to attain the overall development goals of increased internal efficiency, equitable access, and quality of education in general education, this cross-cutting area will complement the other results areas (World Bank, 2017a,b).

This study is guided by the following research question:

1. What are the most effective techniques for determining schools with high and low levels of policy implementation regarding educational reform in Ethiopia?

In the following section, we first provide some information about our theoretical framework which is guided by Patrinos’s et al. (2013) framework for the reform of education systems and planning for quality as in their report, they suggested that an international quality benchmarking system should be developed in the future, based on a broader body of evidence and a greater emphasis should be placed on obtaining empirical evidence based on impact evaluations and what the school quality means in general and what it means in this research area. Secondly, we provide information about principal component analysis (PCA), confirmatory factor analysis (CFA), hierarchical and K-means cluster analysis. We then discuss our data, our samples, variables, and analytical strategy and present our findings. Lastly, we discuss the implications, limitations, and future directions of the research.




3 Literature review


3.1 Conceptual framework

In terms of the theoretical foundation for the Reform of education systems and Planning for Quality, we follow the Framework of Patrinos et al. (2013) who designed a framework for educational reform that focuses on planning for quality. According to the this framework, there are six factors that are considered important for reforming education systems in the framework:

1. Assessment: The development of comprehensive and effective assessment systems that support student learning and provide information to support educational decisions is an essential part of this factor. The assessment process includes both formative assessment, which is used to help teachers understand student learning and adjust their teaching, as well as summative assessment, which is used to evaluate the progress of students at the end of the course or unit. In order for an assessment system to be effective, it must be aligned with learning objectives, valid and reliable, and provide students and teachers with timely and useful feedback.

2. Autonomy: The purpose of this factor is to promote greater autonomy and flexibility in the education system, particularly at the school level, to ensure that innovation is supported and that educational outcomes are improved. In this regard, decentralizing decision-making, providing greater discretion in budgeting and resource allocation, and allowing for more flexibility in the approach to teaching and learning can all contribute to the enhancement of the educational process. Schools with greater autonomy are able to respond more effectively to the specific needs of their students and communities and may be able to implement more innovative and effective educational methods.

3. Accountability: An important aspect of this factor involves establishing clear accountability mechanisms to ensure that all stakeholders are accountable for the quality of education and that failure to meet expectations has consequences. As a part of this process, it is necessary to establish clear standards and expectations for student achievement, to monitor and report on progress toward those standards, and to hold individuals and institutions accountable for meeting those standards. There are several characteristics of effective accountability systems, including transparency, fairness, and a focus on continuous improvement rather than punishment.

4. Attention to teachers: As part of this factor, teachers must have opportunities for professional development, work conditions that are conducive to teaching, and a greater level of recognition and status of their profession. As part of this process, it is necessary to provide ongoing training and support for teachers, create opportunities for collaboration and peer learning, as well as offer competitive salaries and benefits to attract and retain high-quality teachers. It is imperative to provide attention to teachers in order to establish a culture of continuous improvement and to ensure that teaching and learning are of high quality.

5. Attention to early childhood development: A crucial component of this factor is the focus on the education and development of the child in the early years, with an emphasis on improving the availability of quality early childhood education. Education during the early years of life has been shown to have a significant impact on academic and social outcomes later in life and can serve as a tool for reducing educational inequalities. It may be necessary to increase access to preschool programs, provide targeted support to at-risk children, and improve the quality of early childhood education in order to enhance early childhood development.

6. Attention to culture: An important part of this factor is recognizing and valuing the cultural diversity of students and fostering cultural sensitivity and understanding within the educational system. As part of this process, it is important to recognize and accommodate students’ unique cultural backgrounds and experiences, as well as providing a welcoming and inclusive environment. Culture can play an important role in promoting social cohesion as well as reducing prejudice and discrimination as well as encouraging students to develop global competencies.

In the literature, this framework has been cited 28 times in different studies so far. Among them, only three of them implemented this framework in their studies as a framework. In Thailand context, again Patrinos et al. (2015) implemented the autonomy, accountability and student assessment part of this framework. In this study, by analyzing data from 226 schools in Thailand who took part in the 2009 PISA survey, the author examines the implementation of school autonomy and accountability policies. This study estimates a linear regression as a means of understanding how autonomy and accountability are related to student achievement, using PISA reading achievement as the dependent variable and indicators of autonomy and accountability (and control variables) as independent variables. It has been found that students at schools operating with a degree of operational autonomy greater than that ascribed by regulation tend to have PISA reading scores that are 6.0–8.6 points higher than those at schools that operate with a low degree of autonomy. In Tanzania context, Ochieng and Yeonsung (2021) implemented this framework in their study qualitatively. On the basis of this framework, this paper examines the level of education quality and attainment in Tanzania and discusses how Korea, which has partnered with Tanzania, might be able to assist in mitigating the challenges in the sector, which has been identified as a priority sector for development partnerships between the two countries. This study is a qualitative analysis based on secondary data. It is concluded from the study that Tanzania has made significant progress in accordance with the vision of education for all, as evidenced by the high enrolment rates, which are above the average in sub-Saharan Africa. In Iraq context, Sadik (2018) implemented this framework in his study. This background provided the basis for studying in depth the frameworks that have evolved and been implemented across countries. To illustrate the importance of education planning in improving the quality of education in the Kurdistan region, a study conducted a field study in the Kurdistan region based on these learnings. Throughout the study, it was highlighted that governance and educational planning are prerequisites not only at the national level, but also at the institutional level.

Patrinos et al. (2013) highlighted that it is essential to develop a system of international quality benchmarks based on a larger body of evidence. Developing indicators and constructing a database are essential components of this process. For the development of educational benchmarks at the national level, such a framework could serve as a useful reference, and it is necessary to conduct more comprehensive empirical studies on the evaluation of related policy interventions in order to complement the implementation of the 6As or a more systematic quality framework. International organizations and countries must work together in concert to achieve these goals. Therefore, in this study, we aim to bring this framework to the Ethiopian context at the school level.

Moreover, there is a close relationship between the quality of an educational system and the quality of an individual school, but the two are not the same. In a given country or region, the education system is defined as the overall structure and organization of education, including policies, laws, regulations, funding, and governance. There is no doubt that the quality of the education system can have a significant impact on the quality of schools within that system, but it is not the only factor that determines the quality of a school.

A school’s quality is determined by the extent to which it provides a high-quality educational experience for its students. School quality can be determined by a variety of factors, including the qualifications and experience of teachers, the resources at the school (such as technology, textbooks, and facilities), the curriculum and instructional methods employed by the school, as well as the level of community and parental involvement.

It is true that the quality of the education system can have an impact on the quality of individual schools, but there are many other factors that can also greatly affect the quality of a school. The quality of education may vary significantly within a high-quality education system depending on factors such as funding levels, teacher turnover, or student demographics.

As a result, while there is a connection between the quality of the education system and the quality of individual schools, it is important to recognize that school quality is also impacted by a variety of other factors specific to each school.



3.2 What is school quality?

Effective schools are promoted in large part by the quality of the schools (Scheerens and Bosker, 1997). Despite diverse terms being used in the literature, numerous models have determined that the following four elements are crucial for high-quality schools (Stringfield, 1994; Scheerens and Bosker, 1997; Ditton, 2000). First component of school quality is school culture. School culture consists of collective goals and a shared vision for the school (Ditton, 2000). The second component of school quality is school management. The concepts organisational and pedagogical leadership, shared accountability, and controlled duties are all used to describe school management (Stringfield, 1994). The third component of school quality is cooperation and coordination. It refers to collaboration and coordination within a school, between principals and teachers, teachers and students, and external partners, such as parents, administrators, and consultants. The last component of school quality is human resources. The resource component encompasses policies about opportunities for school/human resource development, such as training programmes, as well as the recruitment and socialisation of new teachers (Ditton, 2000). Administrative staff who possess the necessary skills are essential for successfully managing the school’s infrastructure and facilities. A decent and engaging library might be one example of the supportive facilities that should be in place to ensure the success of administration of the school’s facilities and infrastructure. Teachers should also receive training in these areas. In this study, the conceptualisation of school quality is based on facilities and infrastructure of education management (see a variable section for more information).

In the next section, we provide a brief information about the techniques used in this study to classify schools as high/low policy implemented schools and the advantages and disadvantages of each technique.


3.2.1 Principal component analysis

Many scientific disciplines use principal component analysis (PCA), which is the most popular multivariate statistical technique. As well as being the oldest multivariate technique, it is probably the most widely used (Abdi and Williams, 2010). Jolliffe and Cadima (2016), p. 1 defined the principal component analysis (PCA) as “a technique for reducing the dimensionality of such datasets, increasing interpretability but at the same time minimizing information loss.” Using complex mathematical principles, principal component analysis (PCA) reduces a large number of variables that may be connected into a smaller set of variables known as main components (Jolliffe, 2005). The key data will be extracted from the table, represented as a collection of new orthogonal variables called principal components, and displayed as points on maps to show the pattern of similarity between the observations and the variables (Richardson, 2009).

When PCA is used, it provides valuable insight into which variables are presumably reliant on one another, not just in the linear sense but also in terms of their overall influences. Additionally, PCA shows which variables are most likely to make a meaningful difference. When the data set is devoid of variables with linear dependence, PCA may produce models that are less well-suited (Nguyen, 2020).

In order to choose the number of components, the screen or elbow test is the first method. Plotting all eigenvalues in descending order of size is the goal. The “elbow” is designated as a point in the resulting scree-plot. The slope between the eigenvalues should be sharp prior to the elbow, and flat following the elbow. We only consider the major components with eigenvalues upstream of the elbow. This method is not objective since different people do not always designate the same place as the elbow.

Choosing the components with eigenvalues higher than the average eigenvalue is the second option. When doing correlation PCA, only the components with an eigenvalue larger than 1 will survive because the trace of a matrix is equal to the sum of its eigenvalues (Jolliffe, 2022).



3.2.2 Confirmatory factor analysis

Recently, confirmatory factor analysis (CFA) has generally been employed to investigate the latent structure of a test instrument during the scale development process. The pattern of item-factor correlations as well as the number of the instrument’s underlying dimensions (factors), are verified using CFA (factor loadings) (Harrington, 2009). Confirmatory factor analysis (CFA) is a subset of structural equation modelling that focuses exclusively on measurement models. It examines the connections between observed measurements or indicators (such as test items, test results, and behavioural observation ratings) and latent variables or factors (Brown and Moore, 2012). Establishing the number and kind of factors that explain the variation and covariation among a group of indicators is the aim of latent variable measurement models (i.e., factor analysis) (Brown, 2015). An unobservable factor designated a factor influences many observed measurements and explains correlations between these observed measures (Hoyle, 2000). In other words, if the latent construct were partially excluded, there would be no intercorrelation between the observed measures because they are all influenced by the same underlying construct and so share a common cause (Hoyle, 2000). Because there are fewer factors than measured variables, a measurement model like CFA offers a more condensed knowledge of the covariation among a collection of indicators (Brown, 2015).

In order to assess the model based on confirmatory factor analysis (CFA), the comparative fit index (CFI), the Tucker–Lewis index (TLI), and the root-mean-squared error of approximation (RMSEA) and standardised root mean-squared residual (SRMR) statistics are used to examine the goodness of fit and residual fit, respectively, of the model. It is critical to emphasise that the better the model fit, the closer the CFI, and TLI values are to 1, and the lower RMSEA and SRMR values are to 0. Hu and Bentler (1999) and Rutkowski and Svetina (2014) proposed that CFI >0.90, TLI >0.90, RMSEA <0.10, and SRMR <0.08 were indicators of an acceptable model fit.



3.2.3 Cluster analysis

One form of data reduction method is cluster analysis. Data is essentially reduced using data reduction analyses, which also include factor analysis and discriminant analysis. They do not examine how independent and dependent variables affect group differences. Examples include factor analysis, which lowers the number of variables or factors in a model, and discriminant analysis, which divides new instances into categories that have already been recognised based on particular standards. The purpose of cluster analysis, which stands out among these methods since it identifies groups without knowing their makeup or the number of potential groups, is to minimise the number of instances or observations by grouping them into homogenous clusters. The algorithm for merging groups can be used in a variety of ways when using cluster analysis, and each option produces a unique grouping structure. As a result, cluster analysis can be a useful statistical method for discovering hidden structures in diverse dataset types (Yim and Ramdeen, 2015).



3.2.4 Hierarchical cluster analysis

Researchers might not completely comprehend the benefits of cluster analysis and how to apply the clustering technique to their data due to the dearth of psychological research that uses the general cluster analysis technique. Cluster analysis can be done using either a hierarchical or non-hierarchical structure. By merging examples one at a time in a series of sequential phases, hierarchical clustering groups cases together into homogeneous clusters (Blei and Lafferty, 2009). In other words, hierarchical cluster analysis provides the researchers with a good estimate of how many clusters their data has. It is possible that all of those are exactly the same for everybody but more likely that there are groups of people who tend to respond differently on these dimensions, and we might be able to group those types of people.

In hierarchical cluster analysis, a sequence of partitions for a given object set is constructed hierarchically (Köhn and Hubert, 2014). In most cases, the methods produce a hierarchy of objects based on some form of proximity measure (Bridges, 1966).

In this study, we used the Wards’ method approach since it helps create equal size clusters, which means it attempts to create clusters that are more evenly sized.



3.2.5 K-means cluster analysis

K-means is one of the most popular clustering methods (Lloyd, 1957; MacQueen, 1967). The fundamental concept is to update the clustering centres by finding the mean of the member points, move each point to its new nearest centre, and repeat this process until convergence criteria (such as a predetermined number of iterations, a difference in the value of the distortion function) are satisfied (Jin and Han, 2011). With K-means cluster analysis, we may execute the clustering by assigning individuals to specific groups based on an algorithm and more specifically, we can specify the clusters on the dimensions we are really doing the grouping on.

K-means finds the mutually exclusive cluster of spherical form based on distance by allocating records to each cluster using a pre-specified number of clusters. K-means clustering requires prior knowledge of K, or the number of clusters into which you wish to partition your data (Santini, 2016).



3.2.6 Synthesising the techniques

It is important to determine the type of method you will use in accordance with your data, research question, and the type of indicator you will be creating. You should carefully consider which method is most appropriate for your specific situation since each method has its own advantages and disadvantages.

When you want to combine multiple variables into one indicator or index, principal component analysis (PCA) can be a useful technique. This method can be used to identify the underlying structure of data and to generate a weighted composite score that captures the most important aspects of that data. The principal component analysis (PCA) is a data-driven method that can be applied to any type of data, and the results of the analysis are relatively easy to interpret.

It is recommended that you utilize a confirmatory factor analysis (CFA) when you have a prespecified theoretical model that you would like to examine. Using this method, you can confirm the number of latent factors in your data, the factor loadings for the observed variables on each factor, and the correlations between the factors. A CFA provides a better fit to the data and can help you test your hypotheses, but it is more rigorous than PCA and requires a larger sample size.

The hierarchical cluster analysis (HCA) and the K-means cluster analysis are both effective methods for grouping your cases or variables on the basis of their similarities or differences. While HCA produces a dendrogram that illustrates the hierarchical relationships between clusters, K-means assigns cases to non-overlapping clusters according to their distance from each other. While HCA is an exploratory method, it can help you identify the optimal number of clusters as well as the variables that contribute to each cluster. K-means is a more deterministic method, which requires you to set the number of clusters in advance. Both methods require that you select a distance metric and a linkage method, which can have an effect on the results.

In the end, the method we choose will depend on our research question, the nature of our data, and the type of indicator we wish to develop. The CFA may be the best choice for you if you have a predetermined theoretical model in mind. You may find PCA to be more appropriate if you wish to create a composite score that incorporates multiple variables. Using HCA or K-means may be useful if you want to group your cases according to their similarity or dissimilarity.





4 Present study

The goal of this study is to develop indicators that can be used to identify schools in Ethiopia that have either implemented low or high levels of the GEQIP reform. Four techniques will be compared to achieve this objective, namely principal component analysis (PCA), confirmatory factor analysis (CFA), hierarchical cluster analysis, and K-means cluster analysis. By creating scales using these techniques, we can establish a better understanding of the extent to which the GEQIP reform has been implemented in schools and help policymakers make informed decisions about future education policies.



5 Data and methods


5.1 Data and sample

The 2018–19 RISE Ethiopia school surveys’ target participants were grade 1 and grade 4 students from 168 schools, as well as their parents or primary caregivers, school administrators, and grade 4 mathematics and reading teachers dispersed across Addis Ababa, Amhara, Benishangul Gumuz (Be-Gu), Oromia, SNNP, Somali, and Tigray regions. The surveys were carried out in two phases: Phase 1 at the beginning of the school year in November and Phase 2 near the end of June. Phase 1 of the study includes both household and school surveys, a survey and an evaluation of their understanding of the maths subject. In Phase 2, students took a second set of math and reading comprehension learning evaluations (for more information, see Hoddinott et al., 2019).



5.2 Variables

Surveys of the schools’ principals and teachers were given out in the academic years of 2018–19. The purpose of the principal questionnaires in both rounds was to collect data on the education and experience levels of the school administrators as well as on indicators of school quality, such as students’ access to learning resources (such as the school library, computers, radios, and textbooks) and the availability of opportunities for teachers to engage in continuous professional development (CPD). The indicator variables for GEQIP are by no means an exhaustive list, but for the purpose of this study, we will focus on a few selected variables based on the availability of data from our school surveys. The variables that we include in this study are provided below:



5.3 Analytical strategy

In this study, we first provide information about descriptive statistics for each variable. Based on the descriptive statistics, we choose the variables for further analysis. Second, we conducted the Principal Component Analysis to reduce the dimension and create the score. Third, we implemented the confirmatory factor analysis (CFA) to fit a measurement model and create a scale. Fourth, we conducted hierarchical cluster analysis to reduce the dimensions and create an indicator. Lastly, we applied K-means cluster analysis to reduce the dimensions and create an indicator.

All analyses were conducted in IBM SPSS (IBM Corp., 2015) and in the R statistical software (R Core Team, 2019), using lavaan (Rosseel, 2012) package.




6 Results


6.1 Descriptive statistics

We first provided descriptive information statistics for each variable (Valid, Missing, Maximum, Minimum, Mean and Standard Deviation) (see Appendix Table S1). In this study, we used the variables as dummy variables. However, some variables are not dummy variables in the dataset. Therefore, we created those variables as dummy variables. Here, we will now explain how we executed this process for those variables. For example, the variable SSPRAMTSG has normally four response categories. These categories are 0 = No funds received from this source, 1 = No, received less than expected 2 = No, received more than expected 3 = Yes, received full amount expected. We created a dummy variable for this variable as response categories 0, 1 and 2 = 0 and response categories 3 = 1.

For the variable SSPRTSPOPD, if they do not engage in the activity, we consider it as 0, the rest (less than 1 day per week, 1–2 days per week, 3–4 days per week, 5 days per week) is 1.

For the variable SSPRINDPINSPCT, if the response categories are grade level 3 and level 4, we consider them as 1, the other categories (grade level 1 and level 2) are 0. For the variable SSPRRATOTXTBKG4, if each student has their own textbook, we consider it as 1, the rest (two students share one textbook, three students share one textbook, four or more student share…) are 0. For the variable SSPRWPRFMAS, if it is less than 50%, we consider it as 0. If it is more than %50, we consider as 1.



6.2 Estimations of alternative approaches


6.2.1 Principal component analysis

Principal component analysis (PCA) is a dimensionality reduction technique used to transform high-dimensional data into a smaller set of uncorrelated variables, called principal components while retaining as much of the original variance as possible.

PCA is based on several assumptions, which include:

1. Linearity: PCA assumes that the relationship between variables is linear. This means that the variables are assumed to be related to each other through a straight line or a linear equation.

2. Normality: PCA assumes that the variables are normally distributed. This means that the data should have a bell-shaped distribution, with most of the data falling around the mean.

3. Homoscedasticity: PCA assumes that the variance of each variable is equal across all levels of the other variables. This means that the variability of the data should be the same at all levels of the other variables.

4. Independence: PCA assumes that the variables are independent of each other. This means that there should be no correlation between the variables.

5. Large sample size: PCA assumes that the sample size is large enough to ensure that the estimates of the principal components are reliable.

These assumptions are important to ensure that the results of PCA are valid and reliable. If any of these assumptions are violated, the results of PCA may be biased or inaccurate. Therefore, it is important to check these assumptions before conducting PCA on a dataset. Therefore, we also first tested the assumptions of PCA with our data. However, unfortunately, we could not to manage to create an indicator to cluster the schools based on this method.

However, we continued to use this method as if assumptions were met to provide insights to readers who would be interested in this. All information is provided here.

In order to reduce dimension, we used PCA (principal component analysis), when we added the following two items (aware of the new “performance for results” financing modality and received and specific information or training related GEQIP), we could not converge PCA. Therefore, those two items were removed the following analysis. For principal component analysis (PCA), these findings show that the eigenvalues of the first seven main components are greater than 1. These seven elements account for 67.45% of the data’s volatility. The scree plot demonstrates that after the seventh principal component, the eigenvalues begin to form a straight line. We should use the first five main components if the data’s variation is sufficiently explained by 67.45% (Figure 1 and Table 2). To determine the clusters based on the GEQIP policy reform variables, we benefitted from the first component as it has the highest eigenvalues among the others. In other words, we created the scale based on this technique using GEQIP educational policy variables using first component (see Figures 2, 3 and Table 3).

[image: Figure 1]

FIGURE 1
 Percentage of each variable from the respective of principal.




TABLE 2 Variables used in this study.
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FIGURE 2
 Scree plot.


[image: Figure 3]

FIGURE 3
 Measurement model of the “school quality scale.”




TABLE 3 Total variance explained.
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6.2.2 Confirmatory factor analysis

For the confirmatory factor analysis, we used the following syntax to estimate our model in R Studio.

• model <- "#measurement model

• school_quality =~ SSPROCLSPRV + SSFSRCDIS + SSPRAMTSG_R + SSPRRSCS + SSPRIPLANPDF + INFNSDIS + SSPRGCLUBPC + SSPRTSPOPD_R + SSPRINDPINSPCT_R + SSPRWPRFMAS_R + SSPRRATOTXTBKG4_R + SSPRPVDEMIS + SSPRAWGEQIP + SSPRSCRBG + SSPRSCRASG"

• fit = cfa(model = model, data = principalvarnew1, meanstructure = TRUE, check.gradient = FALSE)

• fitmeasures(fit, c("npar", "chisq", "df", "cfi", "rmsea", "srmr", "tli"))

• summary(fit, standardized = TRUE, fit.measures = TRUE)

A confirmatory factor analysis was executed to investigate the factor structure of the “school quality” scale in this sample. In Table 4, the CFA results indicated that the one-factor structure was not confirmed with this sample as the CFI and TLI were not within an acceptable range, lower than 0.90. The RMSEA and SRMR were more than the 0.80 cut-off suggested by Hu and Bentler (1999) and Rutkowski and Svetina (2014). Overall, the results of the confirmatory factor analysis indicated that the fit indexes were not within an acceptable range. Therefore, we cannot create the scales based on this technique using GEQIP educational policy variables.



TABLE 4 Confirmatory factor analysis model fit.
[image: Table4]



6.2.3 Hierarchical cluster analysis

A dendrogram, which is a graphic representation of the clustering process in Appendix Figure A1, is the greatest tool for demonstrating a hierarchical cluster analysis. It can be found right towards the conclusion of the SPSS output. Clusters that are closer in similarity to one another are grouped together early when examining the dendrogram from left to right. Since hierarchical cluster analysis does not have a formal stopping criterion, a cut-off value must be extracted from the dendrogram to indicate when the clustering process should be terminated (Bratchell, 1989). Incorporating data from the dendrogram and agglomeration schedule together is the best method for calculating the number of clusters in the data. Therefore, we can confirm that we have two clusters as one group appeared at the bottom of dendrogram, the other group appeared at top of dendrogram.

In Table 5, the participants number are provided for each cluster membership.



TABLE 5 The results of hierarchical cluster analysis.
[image: Table5]



6.2.4 K-means cluster analysis

In Table 6, we provide ANOVA results. In this table, we can see each variables’ significant differences in each cluster. In other words, we see as to whether variables make significant difference to determine each cluster. As seen in Table 6, the following items: “Girls from pastoralist communities have participated in girl’s club,” “The school provide information to the Education Management Information System (EMIS),” “The school receive funding from block grant last academic year,” and “The school receive funding from additional school grant last academic year” and do not make any significant difference (p > 0.05). However, when we look at each item more closely in Table 7, we can see that each items’ contribution to each cluster. Overall, the second cluster group variables’ scores are higher than the first cluster group variables. Therefore, we can say that the second group has more policy implemented schools.



TABLE 6 ANOVA result.
[image: Table6]



TABLE 7 Final cluster centres.
[image: Table7]

In Table 8, we identify schools based on high and low GEQIP-implemented schools using K-means cluster analysis. Based on our analysis, we found that, out of 127 schools, 74 schools were deemed to be less policy-implemented schools, while 53 schools were found to be highly policy-implemented schools.



TABLE 8 Cluster number of case.
[image: Table8]





7 Concluding remarks

In this methodological paper, we presented the different techniques (confirmatory factor analysis, principal component analysis, hierarchical cluster analysis and K-means cluster analysis) to identify and cluster schools using the GEQIP reform implemented in Ethiopia. In doing so, as stated in the introduction and following sections, the current GEQIP educational reform includes a variety of initiatives to ensure that disadvantaged children and schools have equitable access to primary education. We anticipate that the data and the results from this study will be helpful to all parties involved in the GEQIP reform in determining whether certain sets of interventions are effective in assisting underprivileged schools and children in achieving the reform’s equity-related objectives and how much principals implemented this reform in their schools. More precisely, it is anticipated that these methodological findings will be used for a number of purposes related to understanding how much the GEQIP reform effectively implemented to each school in Ethiopia. Moreover, the understanding of this each cluster (high and low policy-implemented schools) will allow us to see whether the students who come from high policy-implemented schools have a high achievement or not.

In terms of confirmatory factor analysis, we tried to create a single model which consists of 12 variables and could not create a scale since model fit index are not fit the data. Therefore, this method did not allow us to make a comparison of its results with other techniques used in this study. One reason might be that we have 12 variables used for confirmatory factor analysis, so the data did not fit data well.

In terms of principal component analysis, based on the results of principal component analysis, there are 59 less policy-implemented schools and 66 highly policy-implemented schools. However, we must highlight that the result of principal component analysis is not reliable due to not meeting the assumptions. For this reason, we did not use the result of this method for our decision-making process.

Hierarchical cluster analysis vs. K-means cluster analysis results, based on the hierarchical cluster analysis result, there are 36 schools highly policy-implemented schools and 91 less policy-implemented schools. Based on the K-means cluster analysis result, there are 53 highly policy-implemented schools and 74 less policy-implemented schools. If we look at the schools closer based on principal component analysis and K-means cluster analysis, both groups’ schools are not consistent. We consider here hierarchical cluster analysis as an exploratory method to inform us how many possible clusters we can achieve.

In terms of methodological implication of this study; K-means clustering, hierarchical clustering, principal component analysis (PCA), and confirmatory factor analysis (CFA) are all useful techniques for clustering and classification. Each of these methods has its own advantages and limitations.

Here are some advantages of K-means clustering over hierarchical clustering, PCA, and CFA for the specific task of classifying schools as high or low policy implemented:

1. Simplicity: K-means clustering is a simple and easy-to-understand method that requires relatively little statistical knowledge to implement. It is also computationally efficient, making it a good choice for large datasets.

2. Flexibility: K-means clustering allows you to specify the number of clusters you want to create, which gives you more control over the resulting clusters. Hierarchical clustering, on the other hand, creates a fixed hierarchy of clusters regardless of the number of clusters you want to create.

3. Interpretability: K-means clustering produces clusters that are easy to interpret and understand, since each cluster is represented by its centroid (the average of all points in the cluster). This makes it easier to identify which schools fall into the high or low policy implemented clusters.

4. No assumptions about data structure: K-means clustering does not make any assumptions about the structure of the data, unlike PCA and CFA which assume that the data is linearly related or that it follows a particular factor structure.

Overall, K-means clustering may be a good choice for classifying schools as high or low policy implemented due to its simplicity, flexibility, interpretability, and lack of assumptions about the data structure. However, the choice of clustering method ultimately depends on the specific characteristics of the dataset and the research question being addressed.

To the best of our knowledge, no comprehensive prior attempts have been made in Ethiopia to determine the schools based on a substantial educational reform on equity with a detailed data set similar to the work of RISE Ethiopia, with the intention to identify the schools and the students during the reform implementation period.

Overall, we consider this study important in two senses. One point is that this study allows us to test different methodologies to identify and cluster schools based on GEQIP reform implemented in Ethiopia to compare those methodologies to find the best suitable strategy for this purpose. This will allow the policymakers in Ethiopia to see how students achieve those high policy-implemented and low or less policy-implemented schools.

In this study, we only focused on the data from principals from GEQIP reform, and we only had 127 complete principals for those variables in the dataset. This number of participants might affect the results. Therefore, future studies might focus on larger number size of participant groups, for example, student data. Those kinds of practices should be carried out with researchers to define schools or groups based on policy reforms implemented in any country’s context.

In conclusion, the successful implementation of educational reforms, such as GEQIP, requires a comprehensive approach that addresses the complex challenges faced by schools. This study contributes to the understanding of the factors that facilitate or hinder the implementation of educational reforms in Ethiopia and provides valuable insights for policymakers and practitioners in improving the quality of education in the country.
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Appendix


TABLE A1 Descriptive statistics of each variable.
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Figure A1

Dendrogram.
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o Evidence-based SIPs willlead to greater education quality and better student outcomes in Phase 1 schools
o Improving the quality of the SIP and aligning it with inspection guidelines will help to improve the learning environment
+ O-class
o Inputs to o-class will increase the quality of pre-primary education
System + Performance for results
strengthening o Shifting to a results-based approach will help to address the remaining challenges in the education system

o Improved availability, quality and use of data will strengthen the education system

Teachers

o Improved pre- and in-service teaching will strengthen the education system

Technical assistance

o TA assistance provided by the World Bank will help to strengthen the education system

Adapted from Hoddinott et al. (2019) and Tiruneh et al. (2022), The main results areas of the operation of GEQIP reform.
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Improving internal efficiency SSPROCLSPRV “This academic year (2011 E.C.), O-class is provided at this school
SSESRCDIS ‘There is a recent school report card displayed in a public place

Improving equitable access SSPRAMTSG “The school received the amount expected from the school grant last academic year on time
SSPRRSCS “The school has  resource centre
SSPRIPLANPDF ‘The school improvement plan includes provisions for a disability-friendly school
INENSDIS “The school collects information about the number of enrolled students with disa
SSPRGCLUBPC Girls from pastoralist communities have participated in girl’ clubs

Improving quality SSPRTSPOPD Time spent during a typical school week on own professional development activities
SSPRINDPINSPCT “The schools latest independent inspection rating
SSPRWPREMAS Percentage of teachers who perform their teaching duties to an acceptable standard
SSPRRATOTXTBKG4 Student textbook ratio in grade 4

System strengthening for planning, policy  SSPRPVDEMIS The school provide information to the education management information system.

formulation and reform SSPRAWGEQIP Aware of the general education quality improvement program for equity (GEQIP)
SSPRAWPFR Aware of the new “performance for results” financing modality
SSPRSCRBG The school reccived funding from a block grant last academic year
SSPRSCRASG “The school received funding from an additional school grant last academic year
SSPRRCTGEQIP Received any specific information or training related GEQIP

Adapted from the World Bank (20172,b).
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Component Initial eigenvalues Extraction sums of squared loadings

% of variance Cumulative % Total % of variance Cumulative %

1 1956 13.040 13.040 1956 13.040 13.040
2 1668 17 24157 1668 117 24157
3 1611 10739 34.896 1611 10739 34.896
4 1442 9611 44507 1442 9.611 44507
5 1279 8527 53.033 1279 8527 53.033
6 1132 7.549 60.582 1132 7.549 60.582
7 1031 6873 67.455 1031 6873 67.455
8 0813 5419 72875

9 0772 5144 78019

10 0707 4716 82735

1 0.668 4455 87.190

12 0571 3.806 90.996

13 0507 3382 94377

14 0434 2894 97.271

15 0409 2729 100.000

Extraction method: principal component analysi
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Fit statistics Chi

q df EEI RMSEA SRMR TLI

Principals 174401 % 0.286 0.086 0,093 0.167

df, degree of freedom; CF1, comparative fit index; TLI, Tucker-Lewi

index; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual,
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